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Any additional factor that can be placed in the hands of the diag- 
nostician to aid in the differentiation of diseases seems worthy of in- 
troduction; therefore, the  examination of the  placental blood  film 
is  recommended to  indicate better ,the  presence of ~estivo-autumnal 
malaria  when  it  complicates  labor  and  in  differentiating it  in  the 
early days of the puerperium from puerperal sepsis. 
The cause of a  fever in the puerperium is not very difficult to find 
when  the  case  is  under  competent  observation  in  a  non-malarial 
region, but the diagnostic significance of such a  fever in the tropics 
may requ'ire further analysis to eliminate latent or active protozoal 
disease. 
Malaria,  as  a  cause of death in the  Panama Canal  Zone, ranks 
well below several other factors, yet it has been a very important one 
in  morbidity statistics,  and  all  divisions  of the  hospital  service at 
Ancon have been obliged to keep it in mind as the single or a possible 
associated factor in seeking to establish a diagnosis. 
Marchiafava and Bignami  (I)  feel that the diagnosis of malaria 
can be made without a puncture of the spleen if examinations of the 
peripheral  blood  are  made  often  enough and  with  sufficient care. 
This statement has been largely confirmed by James  (2)  in his  ex- 
perience with malaria on the Canal  Zone, in so  far as i't relates to 
individuals who are incapacitated by this  disease and in many cases 
where it seemed to be merely a  coincident factor; but there are ex- 
amples of a  latent type, or individuals who may be  called malarial 
carriers, that will not reveal the presence of the parasite in a  single 
examination of the peripheral blood and sometimes even over a long 
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period of time unless  some  factor of an  intercurrent  nature  lowers 
that individual's  resistance and encourages a malarial .outburst. 
It  occasionally happens  .that  the  physician  suddenly  assumes  the 
responsibility  of a  case  in  labor  associated  with  a  severe attack  of 
malaria  which is at the moment between the periods of sporulation; 
in  such  instances  the  examination  of  the  placental  blood film  will 
expedite the diagnosis and permit the immediate institution of treat- 
ment. 
Puerperal  fever  in  regions  where  ~estivo-autumnal  malaria  is 
endemic always offers some reason  for anxiety  to. the  conservative 
practitioner  who  wishes  at  the  earliest  moment  to  differentiate 
malaria and puerperal sepsis ; while to the other type malaria affords 
one of the safe retreats in diagnosis to cover all fevers which appear 
in the puerperium. 
The  evil  relation  of malaria  to the  course of pregnancy  and  the 
puerperium has long been given consideration by various writers on 
tropical medicine,  but the primary  intention  of this  paper  is ,to  ad- 
vocate the  routine  examination  of the stained  fresh placental  blood 
film as an  immediate means  of identifying the presence  of malaria 
in  nearly  every case  when  it  is  associated  with  labor  or  the  early 
days of ,the puerperium. 
It has long been known that it is possible to find an abundance of 
parasites  in  a  blood  fihn  made  from  the  maternal  surface  of  the 
placenta  in  a  woman  whose  labor  was  complicated  by  a  serious 
attack of malaria,  but as  far as I  can learn  no practical  application 
of this fact has ever been made, it being simply considered a  curious 
feature sometimes encountered. 
I  believe that  the Ancon clinical and pathological data soon to be 
mentioned,  together  with  the  results  of  4oo  observations  on  pla- 
cental  blood films,  will show that  it has  a  practical  application  and 
is  a  worthy  test  for  routine  practice  in  tropical  obstetrics  and  in 
other regions where this type of malaria  is found.  This is the only 
instance  in  which  the  body voluntarily  offers  for  examination  an 
intricate  capillary  or blood sinus  system  that  closely approximates 
such vascular systems as the spleen, bone marrow, and liver, and the 
fact is well established that the adult forms of the ~estivo-autunmal 
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Unfortunately the value of this feature did not impress itself at a 
time in the course of the construction of the Panama  Canal when 
it  could  have  been  applied  to  the  largest  number  of  individuals 
who were the most susceptible to malaria, and also before the sani- 
tary system was operating so successfully against this disease. 
However, the study of this short series of 4oo cases, made under 
the present adverse circumstances, may yet reveal sufficient evidence 
to impress the importance of such an examination, and it will at the 
same time offer other points of interest. 
Pathological Observations. 
Some  time  ago  a  collection  was  made,  for  general  study  and 
analysis,  of  all  fatal  cases  of  ~estivo-autumnal  malaria  that  had 
come into my hands through the routine pathological service of the 
Board of Heakh Laboratories during a period of about four years. 
There were included in this series of lO7 cases 31  females of whom 
7 were children.  Among the remaining 24  adult women,  12  were 
found to have been either in the late stages of pregnancy or not far 
advanced in the puerperium.  This  fact seemed so significant that 
the  general  anatomical records  covering  the  same  period  of time 
were  again  searched to  see  what  further  relation  could  be  found 
between other conditions and the pregnant state. 
192  autopsies  were found that had been performed on adult  fe- 
males.  26  of  this  number  were  either pregnant  or  had  been  re- 
cently delivered.  The following relationship was found: 
Malaria,  mstivo-autumnal  ..............................  12  cases. 
Malarial  hemoglobinuric  fever  ..........................  3  " 
Puerperal  septicemia  ...................................  4  " 
Eclampsia  .............................................  3  " 
Typhoid  fever  .........................................  2  " 
Chronic  nephritis  ......................................  I  " 
Extra-uterine  pregnancy  ...............................  I  " 
The race of the cases showing an association of the pregnant state 
with ~estivo-autumnal malaria and malarial hemoglobinuric fever is 
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TABLE I. 
No. of cases 
of malarial 
No. of cases  hemoglobin- 
Race.  of malaria,  uric fever. 
Negroes, West Indian  ...............................  8  I 
White,  Spain  ........................................  2  2 
Mestizo,  Panama-Colombia  ...........................  I  0 
White,  United  States; never under medical care  .......  I  0 
Clinical  Observations. 
Through the kindness of Dr. A. B. Herrick, Chief of the Surgical 
and  Obstetrical  Clinics,  and  of  Dr.  W.  E.  Deeks,  Chief  of  the 
Medical  Clinic,  their  Ancon  Hospital  Records  covering the  same 
period of time as the pathological records just mentioned were next 
appealed  to  along the same  lines,  and  after excluding those  eases 
contained  in  the  anatomical  report  the  following  additional  data 
were assembled  (Table  II). 
TABLE  II. 
Race. 
Americans ..................... 
West  Indian  negroes ............ 
Europeans  ..................... 
Latin-Americans  ............... 
Chinese ....................... 
Syrians ........................ 
Total ....................... 
No.  of associated malarial attacks. 
No. of  No. of 
cases of  cases of 
miscar-  normal 
riages and  pregnancy. 
abortions. 
85  34  ° 
54  295 
9  66 
I4  I02  ] 
O  801  t  G  ___ 
162 
14  16  ] 
No. of 
other acci- 
dents of 
pregnancy 
and labor. 
I2 
36 
I 
6 
o 
o 
55 
8 
I  No.  of 
positive 
Total.  I  malarial 
cases. 
437  I 
385  3 I 
76  2 
I22  3 
2  I 
I  0 
I,o23  38 
38 
Among  the 38  cases  there were 5  deaths  not included  in the list of  autopsies. 
It  is  not possible to  confirm entirely by these statistics  the more 
or less general opinion that in the tropics where malaria is endemic 
the  great  increase  in  abortions  and  miscarriages  is  chiefly due to 
malaria.  There are too many other factors which, no doubt,  play 
a part in this and have not ,been ruled out by the authors of such an 
opinion.  However, there is present in the data a very striking rela- 
tionship between many of these accidents and associated malaria as 
compared to other diseases such as pneumonia, typhoid, tuberculosis, 
and even syphilis. 
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Canal  Zone during this  period of time,  in  so  far as  a  record of 
autopsies  can be  taken  for a  guide.  Pneumonia also  stands  well 
ahead of malaria as a  cause of death.  Syphilis is a  common dis- 
ease on the Zone in these days, but armed with a clinical test it can be 
well identified; yet the combined anatomical statistics on the known 
evil association of other diseases with pregnancy and the puerperium 
do not exceed the results which malaria alone has accomplished, and 
this  fact is well supported by the clinical data. 
The various opinions expressed by Scheube (3), Deaderick (4), 
Williams  (5),  Craig  (6),  and others led to  the taking of  further 
observations  before expressing any view  based  on  the  local  data 
just mentioned. 
Conditions  have  rapidly  changed on  the  Canal  Zone  since  the 
clinical and pathological reviews were made, there being a  marked 
reduction of people in the Canal Zone and also of the malarial rate. 
Many villages  have been  abandoned  from  which such  cases  were 
received.  In  addition to  these  factors the  new  observations  have 
been conducted chiefly in the dry season.  Nevertheless, the exam- 
ination  of 4oo  cases  of labor  has  been made  on  individuals  from 
various parts of the Canal Zone, the period of time beginning August 
2I,  I914,  and ending March 3o,  I915. 
Methods  Employed  in  Making  the  Observations. 
At the end of labor some blood films were made from the mother's 
peripheral blood by the physician in  charge of the case,  and these 
films and a history of the case together with the carefully protected 
placenta and umbilical cord were sent to the Board of Health Labo- 
ratories at Ancon, where an immediate opportunity was given me to 
prepare the placental and fetal blood films. 
Great care must be taken in preparing the fetal blood film from the 
blood in the umbilical cord to prevent contamination of this speci- 
men with  the placental blood.  False  impressions  of  the  infected 
fetal blood can easily be obtained unless precautions are taken. 
The maternal surface of the placenta when it was received at the 
Laboratory was usually covered over with the membranes, and the 
folds of these membranes often contained a large amount of mater- 
nal blood.  It has,  therefore, been the custom to prepare first the 
film from the umbilical cord.  The cord is thoroughly cleaned and 432  Value  of Placental Blood Film in Malaria. 
then cut near its middle, and the oozing blood caught and  spread in 
the  usual  manner.  This  film  is  marked  and  laid  aside before dis- 
turbing  the  placenta  and  membranes. 
The placental blood film is made from the maternal  surface of the 
placenta  after  all  free blood and  clots have been removed  from  its 
surface and  from the f.olds  in the membranes.  Blood was made to 
ooze from the clean surface by grasping a  portion of it with a  hem- 
ostat.  The specimen was then removed by pressing down and drag- 
ging the end of a  glass slide across the  bleeding surface,  and  from 
this  material  the  films were made.  The  three  types of blood films 
were then dried and stained with a  polychrome stain  (Hastings)  in 
the usual way that the ordinary blood film is treated.  Then followed 
a  routine  examination  for the presence of the malaria  plasmodium. 
The  Wassermann  test was applied  to many  of the  cases  and  in- 
variably to all suspicious cases whenever the state of the blood con- 
Xained in the fetal membranes was such that it could be used for the 
:test.  If  a  dead  fetus  accompanied  the  placenta  and  cord  and  its 
.condition  permitted  the  application  of  the  test,  it  was  performed. 
Suspicious lesions in the placenta  or in a  dead  fetus were prepared 
by the Levaditi method to permit a search for Treponema  pallidum. 
'This  organism  was  also  kept  in  mind  when  the  blood  films  were 
searched.  The series was closed after the receipt of 4oo specimens 
that were in a suitable condition for examination. 
The results are presented in Tables III and IV. 
TABLE IIL 
No. of 
positive  cases 
400 cases ex amined,  of malaria. 
Blood  films  from  maternal  surface  of  placenta  ....................  19 
Blood  films  from  mother's  peripheral  blood  ........................  8 
Blood  films  from  umbilical  cord  .................................. 
400 Routine  Cases  of Labor. 
Race  of  the women  examined. 
No.  examined 
of each race. 
North  Americans  (white) ..................  I I8 
Latin-Americans  (mestizo)  ................  -  92 
Europeans  (white)  .......................  i  17 
West  Indian negroes .....................  I73 
No.  of positive 
identifications 
of malaria. 
O 
3 
I 
15 
Per  cent of 
positive  cases. 
O.O 
3.26+ 
5.88+ 
8.67+ 
Total ..................................  i  400  x9  4.75 H.  C.  Clark.  433 
TABLE  III.--Concluded. 
Local Residence of the Positive Cases. 
Residence.  No. 
Unknown  suburban  division  of  Panama  City  4 
Calidonia  ................................. 
Guachapali  ................................  3.  Panama  City  .......  15 
San  Miguel  ................................  2 
Maranon  ..................................  I  -Colon 
Chorrillo  ..................................  I 
Mount  Hope  ...............................  Ii  Colon  .............  3 
Colon  .....................................  2:q 
Culebra  ....................................  I" C.  Z ...............  I 
Total  ............  19 
Seasonal Incidence  of the Positive Cases. 
August  ......................  o  December  ....................  3 
September  ...................  2  January  ......................  2 
October  ......................  4  February  .....................  I 
November  ...................  3  March  .......................  4 
Labor Accidents  That  Were Known To Have  Occurred  in the Series. 
Abortion  .........................................................  9 
Premature  labor  (fetus dead  in  13  of  these cases)  .................  23 
Full  term  still-births  ..............................................  II 
Full term children  dying inside of 48  hrs  ...........................  I 
A  total  of  44  accidents  in  the  series  of  400  cases. 
There were 19 positive cases of ~estivo-autumnal malaria in the 40o cases, and 
7  of  these  19  cases  (a percentage  of  36.84 +)  were  found  associated  with  some 
of the accidents named above. 
Besides the  19  cases positively identified  as  malaria,  there  were  5  other cases 
with a  reliable history of  having been treated  for malaria  in  recent months, and 
in  2  of  these,  full  term  still-births  were  recorded;  while  in  a  3d  case  a  grave 
anemia  and  premature  labor  were noted.  Thus,  if  24  be  accepted  as  the  actual 
number of  cases  with  a  malarial  influence  present,  and  IO  the  number  of  acci- 
dents, a  percentage of 41.66  is  revealed.  Other  factors  found in connection with 
some of these accidents  where no malaria  influence  was established  are  given  in 
Table  IV. 
TABLE  IV. 
A  calculus  in the  left  ureter  and  left  pyonephrosis  .................  I 
Grave  anemia  ....................................................  I 
Acute  endometritis,  suppurative  ...................................  3 
Eclampsia  ........................................................  I 
Typhoid  ..........................................................  I 
27  of  the  accidents  thus  remain  in  which  no  plausible  factor  at  the  time  of 
labor  could be named as the cause. 
The  racial  classification of the women in which the  total number of  accidents 
occurred  is as  follows:  Americans, 14;  Europeans, 6;  Latin-Americans, 6;  West 
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Discussion  of  Tabulated Features. 
The  placental  films  revealed  the  presence  of  malaria  in  eleven 
cases whose peripheral blood appeared negative.  On the other hand, 
the  peripheral  blood  was  never  found  positive  without  the  pla- 
.cental film showing a  much heavier infection.  This  is  an  impor- 
tant difference and one which might be expected when the general 
circumstances,  surrounding the origin of  the  two  films,  are  given 
consideration.  The adult parasites, especially of the ~estivo-autnm- 
nal type, are prone to remain stationary in the more complex capil- 
lary systems of the deep viscera, and after the third  (7)  or  fourth 
month  of  its  development  the  placenta  belongs  to  that  class  of 
viscera.  It  rapidly increases in importance as  a  favorable site  for 
the  development of adult  parasites  as  its  maturity is  reached.  In 
most instances the first field examined in the placental films will 'be 
sufficient to  establish  the  diagnosis  of  malaria  in  untreated cases, 
even though a tedious search may have been required to locate para- 
sites in the peripheral blood of the same case. 
The malarial  carriers  identified in  this  series by examination of 
the placental film and not found positive in their peripheral blood re- 
quired not more than one to five minutes in locating the first para- 
sites.  Seldom will it  be necessary to make a  protracted search of 
this film if malaria is present during labor and quinine has not been 
previously administered. 
In some of the cases identified in this group the infections were 
so heavy that a  fatal issue seemed certain for both the mother and 
child, yet in all instances the mother lived and in nearly all cases the 
child lived.  The vitality of some of these jaundiced, premature chil- 
dren is remarkable.  A  few of the patients among the positive cases 
had been admitted just before or at the time of labor and were ap- 
parently ,between the periods of sporulation, since there was no tem- 
perature,  yet  heavy  infections  were  noted  in  the  placental  films. 
Even with this knowledge of these cases in mind, a tedious search of 
the  peripheral  blood  was  required  to  find the  ring  forms.  When 
under  short  observation  these  cases  can  occasion  unpleasant 
surprises. 
The average numerical relationship  between the parasites  found 
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be more easily appreciated by inspection of Figs.  I and 2 which have 
been drawn from the actual preparations made in such a  case.  Fig. 
2 representing the placental film contains parasites drawn from three 
cases in order to present some common features of interest that will 
be explained in the key to the illustrations.  The numerical relation- 
ship  there  represented  is,  however,  accurate  for  the  conditions 
named. 
The  commonest types  encountered in  the  placenta  are the  seg- 
menting and presegmenting forms.  It also frequently happens that 
the  majority  present  are  younger  adul.t  forms.  Crescents  were 
seldom found, yet they are common forms in the films made from 
bone  marrow  and  the  spleen.  Sometimes  the  .large  forms  seem 
entirely  free  from  red  blood  cells,  but  expert  variation  in  the 
method of staining might have shown blood cell remnants. 
The phagocytosis of pigment in the placenta is not so extensive as 
it  is  in  the spleen,  liver,  and bone  marrow, but  it  is  quite marked 
and often even the polymorphonuclear leucocytes take part  in  this 
activity. 
It is a much easier task to prepare and examine a placental film at 
the time of labor than to spend perhaps long periods of time on each 
of two or three consecutive days following labor in an effort to catch 
the products of a sporulation in the peripheral blood of the patient; 
because, in the placenta, the parasites are quite large and very abun- 
dant and there is much evidence of phagocytosis, while in the periph- 
eral blood a few small ring forms are all that can usually be expected. 
The study of the fetal blood  from the umbilical cord presents  a 
feature of interest in regard to the evidence it affords in support of 
the view  that  the mother's blood and  the  fetal blood  never inter- 
mingle under normal conditions. 
A  single instance occurred in this series where an undoubted mod- 
erate infection of the fetal blood existed at the time of birth.  The 
mother's blood and the placenta bore evidence of a  very heavy in- 
fection.  There was the history and the evidence of an associated 
accident of pregnancy in  relation  to  the placenta  so that  it  seems 
wise  to  attribute  this  infection  to  the  placental  accident.  The 
mother and  child  were discharged  in  such  a  short  time  from the 
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on the child's blood could be taken.  The final result is not known, 
but the mother  was a  black woman and the probabilities  are strong 
that  both mother  and  child  are  well.  This  is the  only case  in  the 
last  five years  that  has  come  under  my  observation  that  can  cer- 
tainly be established as an  intra-uterine  transmission  of malaria  to 
the  fetus.  Our  few cases of malaria  in infants  are all surrounded 
with  so  many  circumstances  favorable  to  postnatal  infection  that 
they cannot be safely considered cases of congenital malaria.  As a 
matter  of fact it  seems reasonable  to assume that  the  observations 
made  in  this  series  alone  offer good support  to  the  long  standing 
belief that the blood streams  of the mother and the  fetus never ac- 
tually intermingle  unless some rare  accident to the placenta  occurs. 
It seems necessai-y to impress again the fact that three important 
features  existed  during  the  collection  of  these  cases  which  have 
greatly lessened the  number  of infections  otherwise to be expected 
in  such  a  number  of  individuals.  The  sanitary  system  continues 
with ever increasing success to exert a  strong influence against this 
disease.  The  reduction  in  the  population  of  the  Canal  Zone  has 
been  great.  The  observations  have also been carried  on partly  in 
the  dry  season,  at  which  time  this  disease  is  supposed  to  be  at  a 
low ebb. 
White  women  coming  from  the  temperate  zone  of  the  United 
States and  Europe,  who live on the  Canal Zone,  are believed to be 
the  most  susceptible  women  to  malaria,  but  nearly  all  European 
women have gone and the Americans avail themselves of all the op- 
portunities  offered by the  system  of  sanitation  as  well  as  profes- 
sional care throughout  their  course of pregnancy. 
This  leaves only the negro women, whose race seems to enjoy a 
relative  immunity  to malaria,  and  the  native  women,  who possess 
even  a  higher  grade  of  immunity  than  the  West  Indian  negro. 
Under the circumstances,  however, it does not seem unusual  for the 
highest rate of infection to be found in this series in the negro.  The 
negress is the domestic servant and  she lives under  limited  circum- 
stances chiefly in the suburban divisions of Panama  City where the 
rent  is  lowest and  the malarial  rate  highest. 
These conditions no doubt explain the high  rate  in the relatively 
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white  women.  The  same  rate  and  character  of  infections  in  the 
white woman that  have been found in the black woman in this  in- 
stance  would  certainly  have  been  accompanied  with  more  serious 
consequences. 
The negress is very indifferent to her pregnant  state and  seldom 
can tell within  a  month  or  two the  correct time  for her  course  of 
pregnancy to end.  It is therefore quite possible, judging  from the 
appearance  of  some  of  the  children,  that  several  more  premature 
labors associated with the malarial  cases in this series should be re- 
corded ; 'but the histories offered in these instances have been adhered 
to and they were not counted among the accidents. 
It seems incredible that a  fetus can live where nutrition is derived 
from  such  heavily  infected  placental  blood,  yet  in  a  remarkable 
number of cases  (negroes at least)  they do survive.  In some cases 
this  may be due in part  to the  fact that  latent  malaria  many times 
does not show a  terrific outburst until very late in pregnancy when 
the patient's vitality is low and the placenta a better harbor to assist 
in  the  development  of  parasites.  At  this  time  the  child  may  be 
sufficiently  developed to  fight  for  an  independent  existence  forced 
upon  it  by miscarriage.  The  probabilities  are  that  its  chance  for 
life is better under even these cond@ions than ~o continue  its  intra- 
uterine  existence dui'ing the  climax  of a  severe malarial  infection. 
The  placenta  is  one  malarial  battle-field  over  which  the  body 
holds the  ruling  influence,  for by expulsion  of the  uterine  contents 
the field and  its contained  enemies are  quickly eliminated. 
The later influences of such a birth as this on the infant  can only 
be a  subject  for  conjecture.  It  would  certainly  appear  to  offer a 
predisposing cause to the diseases of early infancy.  When a  fetus 
is  developed  throughout  its  uterine  life  in  association  with  latent 
malaria  in the mother and at least in contact with  one acute attack 
in the mother it would seem that there should be some degree of im- 
munity gained to this  disease by the child in after life even though 
the parasites  were never admitted to its circulation  from that of the 
mother.  This  thought  recalls  an  opportunity  afforded  me  a  few 
years ago to study microscopically the  tissues  of a  still-birth  asso- 
ciated  with  fatal  malaria  in  the mother.  The  tissues  happened  in 
this  instance  to  be  in  good  condition.  Its  blood  films  and  those 438  Value  of Placental  Blood  Film  in  Malaria. 
made from its spleen were negative for parasites, yet when the histo- 
logical study was made, a  condition comparable to the cloudy swell- 
ing  associated  with  deaths  due  to  febrile  diseases  and  abundant 
microscopic evidence  of pigment was  found  that  I  am  not  able to 
tell from the melanin  of malaria.  It is difficult to say whether this 
pathology was due to toxins in the mother's  blood stream or simply 
to interference  with the nutrition  of the  fetus.  The  deposition  of 
the  pigment  in  its  tissues  is  also  open to several  lines  of thought. 
GENERAL  DISCUSSION. 
Scheube  (3)  states that disorders of menstruation and a decrease 
in  fertility  are  more  frequent  in  European  women,  and  miscar- 
riages  also  occur more  often  with  them  in  the  tropics  than  when 
they live in Europe,  and he adds the  further  statement that  climate 
is less to blame for this than  malaria.  This  opinion  is given more 
or less general support and there is no doubt that malaria  does bear 
a  very important  relation  to  these  conditions,  yet  there  are  many 
other  factors  in  the  tropics  where malaria  is  endemic  that  help to 
make these  features  more common. 
Williams  (5)  offers a  counter-statement:  Despite the  somewhat 
wide-spread opinions to the contrary,  it would appear that ordinary 
forms of malaria  have but little influence upon the course of preg- 
nancy; it is probable, however, that the pernicious  forms of malaria 
may have a  much more deleterious effect.  He admits the tendency 
to malarial outbreaks in pregnancy and the puerperium. 
A  compilation  of the  various  records  in  regard  to the  malarial 
influence in pregnancy and  an  additional  valuable  opinion  is  found 
in Deaderick's  (4)  writings. 
The experience at Ancon indicates  that  ~estivo-autumnal  malaria 
does  exert  frequently an  evil  influence  in  the  late  stages  of  preg- 
nancy and in the puerperium,  sometimes being fatal to both mother 
and  child,  but  there  yet  remains  a  very  large  number  of  miscar- 
riages,  abortions,  instances  of sterility,  and  menstrual  disturbances 
that  cannot  be explained,  and  least  of  all  can  they be  ascribed  to 
malaria  on  any  other  than  circumstantial  data  of  a  high  rate  of 
malarial morbidity in the tropics. 
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pregnancy and the opportunity it offers for the development of the 
malarial parasite  makes  it a  point of strategic importance  for the 
parasite in interrupting the late course of pregnancy, and it is sur- 
prising that it does not always do so.  "What harm may come to the 
menstrual process and to fertility in untreated malarial carriers who 
are apt to suffer from numerous small outbursts of malaria is  less 
easy to answer.  Such a  circumstance would probably play an im- 
portant part. 
The results and statements of the physicians in charge of obstet- 
rical work at Ancon Hospital  offer confirmation to Williams'  (5) 
statement that quinine can be given with impunity in such conditions. 
The accidents number about the same with or without its adminis- 
tration,  and  certainly the  mother's  prognosis  is  better  when  it  is 
given. 
It is hard to dismiss the idea that children born under such con- 
ditions,  if  they survive,  do  not  gain  at  least  a  temporary immu- 
nity from the disease.  It is extremely rare to receive at the morgue 
in Ancona child under one or two years of age dying of malaria. 
Observations  have  been  made,  however,  by  competent  people  on 
large amounts of clinical material who claim that all  malarial im- 
nmnity is acquired. 
These children, born  of mothers with a  positive  malarial infec- 
tion,  will be followed, as  far as possible,  to determine their  future 
relation to the disease and to see whether their birth under such con- 
ditions  plays  a  predisposing part  in  making them  more easily the 
victims of other diseases of infancy. 
The observations of Bastianelli and Bignami (8) on the punctiform 
hemorrhages, which sometimes occur about the vessels in the brain 
in some of the severe cases of ~estivo-autumnal malaria, support the 
theory of a viscid property possessed by this parasite, and Bass  (9) 
has offered further proof of this fact.  These small punctate hemor- 
rhages were said to consist of uninfected red blood cells, while the 
cells,  visible  in  the  capillaries  about  which the  hemorrhages  were 
found,  were all  infected cells.  An explanation  offered is  that  the 
infected cell anchors itself to the endothelium of the vessel,  while 
flexible non-infected cells  under pressure escape  by diapedesis.  I 
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confirm  their  statement  in  regard  to  their  composition  and  the 
nature of the cells in the capillaries near them. 
A  somewhat parallel circumstance occurred in  another instance 
in  which a  fatal  termination of a  severe case  of ~estivo-autumnaI 
malaria was brought about by the spontaneous rupture of the spleen 
and hemorrhage into the peritoneal cavity.  The  free blood in the 
peritoneal cavity unexpectedly revealed the discoid and ring forms 
commonly  found  in  the  peripheral  blood,  while  films  from  the 
splenic pulp revealed an abundance of the larger adult forms.  This 
circumstance, t  believe,  also supports  the  theory that  these larger 
parasites  or the infected cells possess  a  greater degree of viscidity 
and  can  maintain  their  position  in  the  favorable  locations  men- 
tioned.  The higher degree of body temperature probably assists in 
the development. 
Labor, associated with malaria, spontaneously offers the morphol- 
ogist an opportunity to study at the same moment the parasites  of 
the peripheral and  deep circulation.  Even at  the  end  of twenty- 
four hours a heavily infected placenta can often be subjected to an 
examination with good results, but this necessitates a knowledge of 
the degenerated forms of the parasite and a  more intense method 
of staining. 
SUMMARY. 
I. The placental blood film examination is worthy of routine ap- 
plication wherever ~estivo-autumnal malaria is endemic.  This type 
of malaria when associated with  labor  and the  early days of the 
puerperium can be more easily and certainly diagnosed by the use 
of this  film  and  a  polychrome stain  than by employing the  usual 
films made from the mother's peripheral blood at the time of labor. 
The placental film  in  such an  infection offers an  abundance of 
adult parasites and  far more evidence of the presence of pigment, 
while the peripheral blood film frequently offers but a scant number 
of the small ring or discoid forms of a parasite.  The examination 
of the  present series  revealed positive  placental  films  in  nineteen 
cases, while but eight of these same cases were positive in the periph- 
eral  blood  film  examination.  On  the  other  hand,  no  peripheral 
blood  films  were  found positive  in  which the  associated placental 
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2.  The early days of the puerperium can by this method be pro- 
tected many times from a malarial outburst, and, as a rule, puerperal 
sepsis can be differentiated. 
3.  The  intricate  vascular  architecture  of  the  mature  placenta 
rivals  that  of the spleen,  liver, and bone  marrow as  a  harbor  for 
adult malarial parasites  of this type and as a  storage for pigment. 
4.  The localization of parasites in the placenta is unique.  Here 
is  the  one vascular system which particularly  favors  the develop- 
ment of the parasites but which at the same time is so situated that 
it may be spontaneously discarded by the body at the climax of the 
attack.  By this simple act late in pregnancy the prognosis for both 
mother and child may be improved. 
5.  The pregnant state encourages attacks of malaria by lowering 
bodily  resistance  and  by  furnishing  an  additional  harbor  for  the 
development of parasites.  A  tenable theory in regard to most at- 
tacks  of  this  nature,  occurring  in  cases  under  professional  care, 
would appear to be the development of latent malaria  (malarial car- 
riers)  into  acute  attacks  toward  the  close  of  the  pregnant  state. 
The women who expose themselves  (as the negroes in this series) 
offer favorable conditions to the introduction of a primary infection. 
Malaria  frequently interrupts  the  late  stages  of  pregnancy and 
sometimes causes the death of the mother and the fetus, more often 
the latter.  The records at Ancon indicate that  it more frequently 
exerts  a  harmful  influence than  other types of infectious diseases 
in  this  locality. 
6.  Most  of the children in  this  series that  were delivered while 
malaria was  present  in  the mother,  were of  a  race that  seems to 
possess a  relative immunity to the ravages of malaria.  This  may 
account for the fact that the negro fetus more nearly approximates 
the full term of development when associated with this disease and 
is comparatively subjected to a less number of the accidents of preg- 
nancy.  Many of them revealed evidence of prematurity and were 
jaundiced, but, as a  rule, they developed rapidly. 
The commonest mishap is miscarriage late in pregnancy.  Occa- 
sional still-births occur and sometimes there is a  fatal issue to both 
the mother and child. 
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some accident occurred to the placenta, because it practically never 
happens that  fetal blood is  positive at the time of birth,  regardless 
of the degree of infection in the mother. 
Many of the cases  now reported in  the  literature  as  congenital 
malaria  suggest immediate postnatal  infection as  their  history,  as 
our pathological and clinical records testify. 
8.  The  size  of the  intervillous  spaces  of the placenta  and  their 
adaptability in  the  localization  of parasites  seem to  disprove  to  a 
certain extent the old idea that the localization depends on the small- 
ness of the capillary caliber.  If this were the case the brain should 
be more often the seat of an extensive localization than the spleen, 
bone  marrow,  and  placenta,  yet  our  anatomical  records  will  not 
support that theory.  A sluggish blood sinus with a large endothelial 
surface,  a  higher  internal  body  temperature,  and  red  blood  cells 
burdened  with  parasites  of  a  certain  age  beyond  the  ring  form 
seem to  be  important  factors  in  the  localization  and  development 
of the aestivo-autumnal parasite. 
9-  The racial disparity of malarial infections shown in this series 
is believed to be due to local conditions and a  wrong impression is 
apt to be given by our statistics  in regard to the relative immunity 
of the negro race. 
The white women on the Canal Zone avail themselves of all the 
opportunities the sanitary system affords; they live well and place 
the entire course  of their pregnant state  under competent profes- 
sional care,  while the negro woman is  indifferent to  her pregnant 
state, works as a  domestic servant, and lives in the cheapest unpro- 
tected quarters that can be rented in the suburban divisions of Pan- 
ama City where the malarial rate is highest and the sanitary control 
is difficult. 
It  should  be noted that  these negro women can carry an infec- 
tion  with  little  manifestation  of  its  presence  that  would  produce 
serious  results  in  the  white  women  brought  from  the  temperate 
zone regions of Europe and the United States. 
Thanks are due Dr.  Samuel T. Darling for help rendered in pre- 
paring the paper, and to various members of the sanitary staff who 
have made it possible to assemble the material for study. H.  C.  Clark.  443 
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EXPLANATION  OF  PLATE  47. 
The  comparative  appearance  of  the  types  of  films  used  in  the  study  of  the 
4oo cases are here represented  by Mr.  George Newbold.  The  primary  intention 
of the drawings is to show the numerical relation of the parasites  in each type of 
the films.  The  case  selected  for  the  drawings  was  one  in  which  the  individual 
on  admission  to  the  hospital  gave no  evidence of  the  infection,  but  soon  after 
labor  showed  a  moderate  rise  in  temperature.  Fig.  I  was  drawn  true  to  the 
actual conditions found in the films, but Fig. 2 was made into a  composite draw- 
ing of parasites  found in three separate cases, in order to represent some common 
phases  which  occur  in  this  type  of  film.  However,  the  figures  are  true  to  the 
average  numerical  relationship  found  in  a  simple  attack  of  aestivo-autumnal 
malaria  complicating labor. 
FIG.  I.  A  film from the mother's peripheral blood stream  stained  with Hast- 
ings'  polychrome  modification.  This  film  revealed  an  average  of  about  3  para- 
sites to each microscopic field examined  (obj.  1/12,  oc.  No. 8). 
A, B, and  C  represent three  forms  of  the young parasite. 
D  represents a  large lymphocyte with a  clump of phagocyted pigment. 
E  is a polymorphonuclear leucocyte. 
FIG. 2.  A  composite drawing made  from the placental blood films of 3  cases. 
Two of the cases show phases of degeneration of the parasites  due to the interval 
of time which passed before films could be prepared  from the specimens received. 
A  is  a  large  lymphocyte  showing  phagocytic  activity.  These  cells  are more 
commonly observed here than in the peripheral blood. 
B  and  C  represent the commonest types of parasites  encountered  in the fresh 
placental  film, segmenting and  presegmenting  forms.  Many  times  the  field will 
be crowded  with  these  forms,  while in lighter  infections  I  to  5  parasites  to  the 
field are  found,  and  in  these instances  it seldom happens  that  any parasites  can 
be found  in a peripheral blood film. 444  Value  of  Placental Blood  Film in  Malaria. 
D  represents  the  appearance  of  such  parasites  as  C  when  24  hours  have 
elapsed following labor, before the film could be prepared.  By the use of expert 
methods  of  counterstaining  the  Hastings'  preparation  with  Giemsa  stain,  these 
parasites  can be made to  resemble presegmenting types. 
E  is the smallest parasite usually found  in this  film. 
The  remaining  parasites,  which  show  poor  definition  and  stain  deeply  and 
irregularly,  represent  films  made  from  a  case  I0  or  12  hours  after  the  end  of 
labor.  Magnification  the  same  as  in  Fig.  I. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXII.  PLATE  47. 
FIG.  I. 
FIG.  2. 
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